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Description 

[0001] The present invention relates generally to re- 
closable curable mechanical fasteners, fabricated from 
materials such that they are curable to provide perma- s 
nent fasteners. . 

[0002] Conventional reclosable mechanical fasteners 
releasably close, so as to allow later reopening. Known 
reclosable mechanical fasteners typically have fasten- 
able surfaces fabricated from metsil or thermoplastic io 
resins.. Examples of such thermoplastic resins include 
polyesters (e.g., polyethylene terephfhaiate)), polya- 
mides, poly(stytene-acrylonitriIe) f po ly (aery Ion itrile- 
butadiene-styrene), polyolefins (e.g., polypropylene - 
and polypropylene/polyethylene copolymers), and plas- \1& 
ticized polyvinyl chloride. 

[0003] Examples of reclosable mechanical fasteners 
include those sold under the VELCRO trade designation 
and which are available from Velcro USA, Inc; of Man- 
chester. NH. Other reclosable medhanical fasteners are 20 
sold under the SCOTCHMATE and DUAL LOCK trade 
designations and are available from Minnesota Mining 
& Manufacturing Co. of St. Paul, MIM! Such fasteners 
have found widespread use for fastening a variety of 
materials, such as clothing and diapers. Other uses for 25 
such fasteners include attaching interior panels in air r 
planes and automotive dashboards. Reclosable me- 
chanical fasteners are also widely used for sealing food 
products, such as in plastic bags sold by S.C. Johnson 
Wax of Racine, Wl, under the trade designation Zl- 30 
PLOC. : 

[0004] One disadvantage of many reclosable me- 
chanical fasteners to date, however, is that they often 
do not have enough strength to be useful in some ap- 
plications, such as in structural or semi-structural appli- 35 
cations, where strength requirements may be very rig- 
orous. Furthermore, reclosable mechanical fasteners 
that can provide 

[0005] Curable mechanical fasteners of the invention 
are capable of being redosably fastened and then per- 40 
manently fastened, when desired. The permanent fas- 
teners may also be useful in certain applications where 
strength requirements are rigorous. 
[0006] In general, curable mechanical fasteners of the 
invention comprise a fastening surface comprising a 45 
curable material, wherein the fastening surface is capa- 
ble of being repeatedly attached and unattached to a 
complementary fastening surface, and when attached 
to the complementary fastening surface and cured, the 
curable mechanicar fastener is capable, of becoming so 
permanently attached to the complementary fastening 
surface: The curable mechanical fastener may also fur- 
ther comprise the complementary fastening surface. • 
[0007] For example, a multi-part curable mechanical 
fastener comprises a first part comprising a fastening 55 
surface and a second part comprising a complementary 
fastening surface that complements the fastening sur- 
face. At least one of the fastening surface and the com- 



plementary fastening surface is at least partially fabri- 
cated from a curable material, such that when the fas- 
tening surface is mechanically attached to the comple- 
mentary, fastening surface, the multi-part curable me- 

: chanical fastener is capable of being cured to provide a 
permanent fastener. ' . . . 

[0008] Advantageously, the curable mechanical fas- 
tener may remain reclosable for at least one hour after 

: . fabrication. Preferably,>he curable mechanical; fastener 
is reclosable for at least one month after fabrication. 
Thus, the curable mechanical fasteners can be repeat- 
edly fastened and unfastened for relatively long periods 
of time prior to terming a permanent fastener therefrom. 
[00091 Preferably, the complementary fastening sur- 
face also comprises a curable material. The curable ma- 
terial may comprise a single component. For example, 
in one embodiment, the curable material comprises a 
functionalized-thermoplastic composition. 
[0010] The curable material may alternatively com- 
prise more than one component. For example, in anoth- 
er embodiment, the curabte material comprises a com- 
bination of at least one thermosettable composition and 
at least one thermoplastic composition. For example, 
the thermosettable composition may comprise at least 
one thermosettable material selected from the group 
consisting of (meth)acrylates, urethanes, vinyl ethers, 
epoxies, cyanates, esters, phenolics, pplyimides, amine 
formaldehyde condensates, and mixtures thereof. Pref- 
erably, the thermosettable composition comprises an 
epoxy. 

[00 1 1 ] The thermoplastic composition may comprise 
at least one thermoplastic material selected from the ; 
group consisting of polyesters, polyolefiris, polyamides, 
polyethers, polyurethanes, plasticized polyvinyl chlo- 
ride, thermoplastic elastomer block copolymers, phe- 
noxy resins, polyketones, silicones, polyetherimides, 
polycarbonates, polysulfones, polyoxides, and mixtures 
thereof. Preferably, the thermoplastic composition com- 
prises a polyester, most preferably a polyester that is 
semi-crystalline at room temperature. 
[0012] A particularly preferred embodiment of the cur- 
able material is a two-component curable material 
wherein the thermosettable composition comprises an 
epoxy and the thermoplastic composition comprises a 
polyester. 

[0013] The fastening surface can be any suitable 
shape. For example, the fastening surface may com- 
prise a plurality of fastening elements coupled to a back- 
ing. The fastening elements may also be any suitable 
shape. For example, in one preferred embodiment, at 
least one fastening element is mushroom-shaped. 
[0014] The fastening surface can be formed using any 
suitable method. For example, the fastening surface can 
be formed using a method selected from the group con- 
sisting of extruding, melt-blowing, molding, and micro- 
replicating. . ■ 

[0015] Based on the shape (i.e., surface topography) 
of the fastening surface and the complementary fasten- 
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. ing surface, the curable mechanical fastener may be of . 
a wide variety of types. For example, the curable me- - 
chanical fastener may be a hook-and-loop mechanical 
fastener. In another embodiment, the fastening surface 
comprises protruding fastening elements and the. com- 5 
plementary . fastening surface comprises recessed 
structures. < 

[0016] The curable mechanical fasteners are capable 
of being cured to provide cured mechanical fasteners (i. 
e. ( permanent fasteners). Structural or semHstructural io 
bonds may be formed using certain curable mechanical 
fasteners of the invention. For example, the cured me- 
chanical fastener may have an overlap shear strength 
of at least.about 0.07 MPa or even at least about 7 MPa. 
[0017] Any suitable curing method can be used to is 
form the permanent fastener. The method used typically 
depends on the chemistry of the curable material. Meth- 
ods of curing the curable materials vary widely and are 
known to those of ordinary skill in the art. In one pre- 
ferred embodiment, the curable mechanical fastener is 20 
cured using actihic radiation. An optional heating step 
may be used to further cure the curable mechanical fas- 
tener. 

[0018] A method of forming a permanent fastener 
comprises the steps of: providing a curable mechanical 25 
fastener, attaching the fastening surface to the comple- '' 
mentary fastening surface, and curing the mechanical 
fastener to provide a permanent fastener: The method 
can further comprise the step of attaching the curable 
mechanical fastener to a substrate. For example, the 30 
curable mechanical fastener can be permanently at- 
tached to the substrate. Similarly, a curable mechanical 
fastener comprising the complementary fastening sur- 
face can be permanently attached to a substrate: 
[0019] Fig. 1A is a cross-sectional representation of 35 
a mushroom-shaped curable mechanical fastener of the 
present invention. 

[0020] Fig. 1B is a cross-sectional representation of 
a modified mushroom-shaped curable mechanical fas- 
tener of the present invention: 4Q 
[0021] Fig. 2 is a cross-sectional representation of a 
hook-and-loop curable mechanical fastener of the 
present invention. 

[0022] Fig. 3 is a three-dimensional representation of . 
a tongue-and-groove curable mechanical fastener of *s 
the present invention. 

[0023] Fig. 4 is a cross-sectional representation of a 
curable mechanical fastener, wherein the fastening sur- 
face comprise a plurality of protrusions and recesses. 
[0024] Fig. 5 is a cross-sectional representation of a 50 
curable mechanical fastener, wherein the fastening sur- 
face comprises a plurality of tapered elements. 
[0025] Fig. 6A is a cross-sectional representation of : 
the curable mechanical fastener prepared in the Exam- 
ples Section. / 5S 
[0026] Fig. 6B is a top view of the curable mechanical 
fastener prepared in the Examples section. 
[0027] Advantageously, curable mechanical fasten- 



ers of the present invention are capable of being con- 
verted from "reclosable" curable mechanical fasteners 
to "permanent" fasteners. Fasteners are described 
herein with reference to direction of applied force. For 
example, a fastener may be "fastened" with respect to 
a shear force (e.g. > gravity) applied in one direction, but 
may not withstand a shear force exerted in a another (e. 
g., perpendicular) direction. As long as fastening bf an 
article is achieved with reference to one direction of ap- 
plied force, the article is a fastener for purposes of this 
invention. Preferably, however, curable mechanical fas- 
teners of the invention remairr fastened when force is 
applied in any direction. ; 
[0028] "Reclosable" curable mechanical fasteners 
are those that are capable of being easily fastened and 
unfastened repeatedly without the Use of artificial me- 
chanical aids, That is, reclosable curable mechanical 
fasteners can be easily fastened and unfastened by an 
ordinary person, without the need for artificial mechan- 
ical aids, such as mechanical tools (e.g., hammers, 
crowbars, wrenches, and the like). 
[0029] Preferably, the reclosable curable mechanical 
fasteners can be fastened and unfastened a multitude 
of times. Those fasteners that cannot be fastened arid 
unfastened, preferably achieving the same fastening 
Strength each time r at leastfive times lack the structural 
integrity of preferred reclosable curable mechanical fas- 
teners of the present invention. ; ; 
[0030] Reclosability of mechanical fasteners of the in- 
vention is not significantly affected during the shelf life 
of the materials from which they are fabricated. Prefer- 
ably, upon fabrication, reclosable curable mechanical 
fasteners of the invention maintain their feciosability for 
at least one hour, . more typically at least several days, 
weeks, or months until cured to provide a permanent 
fastener. 

[0031] "Permanent" fasteners, in contrast to reclosa- 
ble curable mechanical fasteners, are those that cannot 
be easily unfastened without the use of artificial me- 
chanical, physical, and/or chemical aids and without de- 
stroying the fastener (i.e., preventing the fastener's re- 
closure In substantially the same manner). That is, an 
ordinary person typically cannot unfasten a permanent 
fastener, except by usjng artificial mechanical, physical, 
and/or chemical afds (e.g., hammers, crowbars, 
wrenches, solvent, heat, and the like). Or, if the perma- 
nent fastener xan be unfastened, the fastener is de- 
stroyed (i.e., the fastener cannot be fastened in substan- 
tially the same manner). 

[0032] In many cases, the permanent fasteners are 
"serhi-structural" or "structural" fasteners. "Semi-struc- 
•turaP fasteners are those that ha've ah overlap shear 
strength of at least about 0.7 megaPascals (MPa). For 
use where even higher fastening strength is desired or 
necessary, "structural" fasteners of the present inven- 
tion have an overlap shear strength of at least about 3.5 
MPa, more preferably at least about 5 MPa, and even 
more preferably at least about 7 MPa. 
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. [0033] The present invention is directed toward cura- 
ble mechanical fasteners that can be cured to provide 
permanent fasteners. "Curable" mechanical fasteners 
are those that are at least partially fabricated from a ma- 
terial (i.e., "curable material") that becomes substantial- 
ly inftisible and chemically inert when exposed to an ac- 

. tivation source that crosslinks (i.e., "cures") the material. 
[0034] Each curable mechanical fastener comprises 
at least one fastening surface. The fastening surface is 
capable of being fastened to a complementary fastening 
surface. That is, the "fastening surface" is that portion 
of the curable mechanical fastener that complements 
another fastening surface in a mechanical manner when 
engaged to provide a mechanical attachment. When 
present, a "complementary fastening surface" is that 
portion of the curable mechanical fastener that receives 
a fastening surface in a mechanical manner to provide 
a mechanical attachment. At feast one of, preferably 
both of, the fastening surface and v the complementary 
fastening surface is at least partially fabricated from a 
curable material. 

Fastening Surfaces . 

[0035] The surface topography of each fastening sur- 
face and its complementary fastening surface is not crit- 
ical to the invention and can vary widely. A fastening sur- 
face is merely capable of reclosably attaching to a com- 
plementary fastening surface to provide a mechanical 
attachment prior to curing of the curable material. Upon 
curing, the surface topography allows for formation of a 
permanent attachment. 

[0036] Those of ordinary skill in the art of mechanical 
fasteners know many surface topographies. Any suita- 
ble surface topographies may be used so long as the 
fastening surfaces are capable of forming a mechanical 
attachment that is.reclosable prior to curing of the cur- 
able material. In certain embodiments, the fastening 
surfaces may be substantially the same in terms of sur- 
face topography. 

.[0037] In one embodiment, each mechanical fastener 
comprises a backing having a fastening surface on at 
least one side thereof. For example, the fastening sur- 
face may include a multitude of fastening elements that 
are coupled to a 'backing. Fastening elements of many, 
shapes and sizes are known. For example, the fastening 
elements may take the shape of hooks, loops, mush- 
rooms, balls on stems, pigtails, screws, threaded holes, 
bolts, nuts, zipper tracks, and a wide variety of other 
shapes. 

[0038] In certain embodiments, at feast two surfaces 
(e.g., opposite surfaces) of; the backing comprise fas- 
tening surfaces. The surface topography of each fasten- 
ing surface may be similar or different. Each fastening 
surface can be attached to another fastening surface to 
provide at least two points of mechanical attachment, 
wherein at least one point of mechanical attachment re- 
sides on each side of the backing. 



[0039] The backing having the fastening surface may 
also comprise a complementary fastening surface. 
Thus, a single component (i.e., part) is capable of form- 
ing a mechanical attachment. More typically, the com- 
5 plementary fastening surface, is present as a separate 
component. In those embodiments, at least two distinct 
components are needed to form the mechanical attach- 
ment ' : 
[0040] Alternatively, the surface to be fastened may 
10 constitute the complementary fastening surface. This 
may be the case when, for example, a fastening surface 
comprising a plurality of hooks engages a fibrous mate- 
rial (e.g. , burlap, terry cloth, or tricot substrate) to be fas- 
tened. In this embodiment, the fibrous material to be fas- 
ts tehed is the complementary fastening surface. 

[0041]. Depending on the surface topographies of the 
fastening surfaces, the curable mechanical fasteners 
may be of a wide variety of types. In one embodiment, 
surface topography of the fastening surfaces is that of 
20 hook-and-loop mechanical fasteners. Examples of 
these fasteners include those sold under the trade name 
VELCRO (available from Velcro USA, Inc. of Manches- 
ter, NH) and those sold under the SCOTCH MATE trade 
designation (available from Minnesota Mining and Man- 
25 ufacturing Co. of St. Paul, MN). In this embodiment, the 
fastening surface of the hook-and-loop mechanical fas- 
tener comprises a plurality of hooks and its complemen- 
tary fastening surface comprises a plurality of loops. 
[0042] Many known surface topographies and varia- 
30 tiohs thereof can.be used for curable mechanical fas- 
teners of the invention. For example, U.S. Patent No. 
5,077,870 (Melbye et al.) discloses mushrobnvtype sur- 
face topographies for use in hook-and-loop mechanical 
fasteners. As shown in Figure 1 A, each fastening sur- 
35 face 110 (i.e., hook strip) of the mechanical fasteners 
therein comprises a flexible backing 11 2 of thermoplas- 
tic resin and, on one side of the backing 112, an array 
of upstanding fastening elements 114 (i.e., hooks) dis- 
tributed across at least one face of the backing 112, 
^o each fastening element 114 comprising an upstanding 
sStem 116 with a mushroom-shaped head 118. The 
mushroom-type fastening surfaces 110 can be pro- 
duced, for example, by injecting resin into cavities of a 
cylindrical mold while evacuating/and coofing the cavi- 
ls ties so that the cooled resin becomes moiecularly ori- 
ented. 

[0043] In one embodiment, as shown in Figure 1 A, the 
mechanical fastener is configured such that two pieces 
of hook strip 110 are engaged to form a hermaphroditic- 

50 type mechanical fastener, one of the hook strips func- 
; tioning as a fastening surface, the other hook strip func- 
tioning as its complementary fastening surface. Howev- 
er, in other embodiments, a single hook strip 110 may 
function as a fastening surface that can be reclosably 

55 attached to a fabric or loop strip that is penetrable by 
the fastening elements 114, such that the fabric or loop 
strip functions as a complementary fastening surface. 
[0044] Further variations on mushroom-type surface 
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topographies are also known. See, for example, U.S. 
Patent No. 5,679,302. (Miller et al.), where methods for 
formation of mushroom-type surface topographies are 
described. As shown in Figure IB, the stems 1 1 6. include 
: circular disc-shaped heads 120 at the ends of the 116 
stems opposite the backing 212. The heads 120 may 
alternatively have one of a wide variety of other shapes, 
such as rectangles or hexagons. •. 
[0045]. More conventional hook-and-Jbop type fasten- 
ing surface topographies are illustrated in Figure 2. In 
.this embodiment, the fastening surface 222 and its com- 
. plementary fastening surface 224 are Integrated into a 
single component. That is, the fastening elements 226 
and 228 comprising the respective fastening surface 
222 and complementary fastening surface 224 are cou- 
pled to a single backing 230. 

[0046] Dimensions of the hooks and loops on fasten- 
ing surfaces of such curable mechanical fasteners can 
also vary widely. Dimensions will not be described in de- 
tail here because it is generally well known how to fab- 
-ricate mechanical fasteners and any suitable mechanic 
cal fastener configuration can be used in the present in- - 
vention. 

[0047] Many suitable surface topographies for com- 
plementary fastening surfaces include those where one 
fastening surface includes protruding fastening ele- 
ments, while its complementary fastening surface in- 
cludes recessed structures that serve as fastening ele- 
ments. Many such topographies are capable of provid- 
ing curable mechanical fasteners having fastening sur- 
faced according to the present invention. 
[0048] For example, complementary fastening sur- 
faces may have respective tongue and groove topogra- 
phies. Such mechanical fasteners have found wide- 
spread use in the packaging industry and. are sold in 
plastic products avaifable under the trade designation 
ZIPLOC (available from SC Johnson Wax of Racine, 
wr). As shown in Figure 3, a tongue-shaped fastening ' 
surface 332 is capable of being engaged with a groove- 
shaped fastening surface 334 to provide a curable me- 
chanical fastener. 

[0049] Also see U:S. Patent No. 5,657,516 (Berg et 
al.), where other mechanical fastener surface topogra- 
phies are described. Two such mechanical fasteners 
436 are shown in Figure 4, As shown in Figure 4, each 
mechanical fastener 436 includes a fastening surface 
438 comprising a series of protrusions 440 projecting 
from a backing 442 with a series of recesses 444 ther- 
ebetween. Each of the protrusions 440 and recesses 
444 has a textured surface formed from microprotru- 
sions 446 to enhance mechanical engagement of the. 
fastening surface 438 with a complementary fastening 
surface. The fastening surface 438 of the mechanical 
fastener 436 can be fastened to a similar surface.438 of 
another mechanical fastener 436, as contemplated in 
Figure 4, or it can be fastened to another suitable com- 
plementary fastening surface. When the two mechani- 
cal fasteners shown in Figure 4 are fastened, one of the 



surfaces 438 functions as an fastening surface and the 
other surface 438 functions as its corhpiementary fas- 
tening surface. When used as a pair, the- two individual 
mechanical fasteners can also be referred to as a single 

? mechanical fastener. 

[0050] In another embodiment, surface tppographies 
of the fastening surfaces may be similar to those de- 
scribed in U.S. Patent No. 5,196,266 (Lu et ah). Two 
such mechanical fasteners 548 are shown In Figure 5. 

10 As shown in Figure 5, each mechanical fastener 548 
comprises a backing 550 having a fastening surface 552 

/. comprising a plurality of tapered fastening elements 
554: The fastening surface 552 of each mechanical fas- 
tener 548 can be fastened to" a similar surface 552 of 

*5 another mechanical fastener 548,.as shown in Figure 5, 
or it can be fastened to another suitable complementary 
fastening surface. When the two mechanical fasteners 
shown in Figure 5 are fastened, one of the surfaces. 552 
functions as a fastening surface and the other surface 
20 552 functions as its complementary fastening surface. 
When used as a pair, the two individualmechanical fas- 
teners 548 can also be referred to as a single mechan- 
ical fastener. 

[0051] Each fastening surface, including any fasten- 

25 ing elements present, are typically fabricated from one 
layer of material. In fact, due to processing efficiency, it 
is preferred that the fastening surface and engaging sur- 
face be fabricated from only one layer of material. Fur- 
thermore, for simplicity, preferably -both the fastening 

m surface and its complementary fastening surface are 
fabricated from only one layer of material. 
[0052] In further embodiments, the fastening surface 
may be fabricated from a multitude of layers, wherein 
each layer may comprise a different material. In these 

35 embodiments, the composition and topography of inte- 
rior layers is generally not critical. It is desired/however, 
that the interior layers be able to withstand any curing 
conditions used to transform the curable mechanical 
fastener into a permanent fastener The exterior layer 

40 or one of the outermost layers, however^ of af least one 
of the fastening surface and its, complementary fasten- 
ing surface is at least partially fabricated from a curable 
material, as described below. I ri these embodiments, a 
preferred curing method may be moisture curing or sur- 

*s face activation, 

[0053] For example, an interior layer of the fastening 
surface may be fabricated from any conventional mate- 
rial used in fabricating mechanical fasteners: Such ma- 
terials include glass, ceramic, metal, wood, nori-thermo- 

so settable thermoplastic resins (e.g., polyamides, polyes- 
ters, polyolefins, or polyvinyl chloride). The exterior lay- 
er or one of the outermost layers, however, is fabricated 
from a curable material such that the curable mechani- 
cal fastener can be cured to provide a permanent fas- 

55 tener. The thickness and surface topography of the ex- 
terior layer need only be such that the desired strength 
is achieved in Ihe. permanent fastener. 
[0054] In any case, at least one of the fastening sur- 
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face and its complementary fastening surface is at least 
partially fabricated from a curable material: Preferably, 
each of the fastening surfaces is at least partially fabri- 
cated from a curable material. Most preferably, each of 
the fastening surfaces is completely fabricated from a 
curable material; Again, the curable material used for 
each of the fastening surfaces need not be the same 
material, but it is preferred that they are the same ma- 
terial for. simplicity of production and use. 

Curable Material , ■ - 

[0055] Curable materials according to the present in- 
vention are those that cure only upon exposure to ah 
externa! source, such as thermal radiation, actinic (e.g.; 
ultraviolet) radiation, moisture (i.e., as in moisture cur- 
ing), or organic chemicals (e.g- f as in surface activation). 
At least one of the fastening surfaces comprises a cur- 
able material. That is, the curable material is not merely 
an additive (e.g., curable adhesive) that is applied as a 
separate component in a mechanical fastener system 
at or near the time that fastening is desired. Advanta- 
.geously, the curable material is an "integral part of the 
curable mechanical fasteners of the invention. 
[0056] N Th,e curable material is melt-fusible at the cur- 
ing temperature of the material to provide permanent 
melt-fused bonds when cdred.. However, it is preferred 
that the curable material also maintains its structural in- 
tegrity upon curing. Thus, preferably, melt-fusion is con- 
trolled and limited to that needed to form a permanent 
melt-fused bond: 

[0057] "Melt-fusible" as used herein does not neces- 
sarily mean macroscopic melt-flow. In melt-fusible ma- 
terials, melt-flow may only occur on a microscopic level. 
As long as the material develops an adhesive bond to 
the mechanically attached surface, the materia! is suffi- 
ciently melt-fusible. 

[0058] Preferably, the curable material is non-tacky 
priorto curing. Nonrtacky surfaces facilitate reclosability 
and help minimize accumulation of residue on the fas- 
tening surface(s) of the curable mechanical fastener. 
[0059] A "thermosettable" or "thermosetting" compo- 
sition is one which can be cured (i.e., crosslinked), for 
example by exposure, to, preferably, thermal radiation 
(although exposure to actinic radiation, moisture, or oth- ^ 
er means may also suffice), to yield a substantially infu- 
sible (i.e., thermoset) material. Combinations of various 
curing means may also be used (e.g., a combination of 
heat and actinic radiation). 

[0060] A "thermoplastic" composition is one that is ca- 
pable of being repeatedly softened by heat and hard- 
ened by cooling. Certain thermoplastic compositions 
may also be thermosettable. For example, functional- 
ized-thermoplastic compositions are thermosettable 
thermoplastics. These materials are further described 
below. 

[0061] The curable material is typically a combination 
of a thermoplastic composition and a thermosettable 



composition. It Is preferred that components of the cur- 
able material are compatible. That is, during melt mixing 
of the components, a substantially homogenous, single- 
phase system is formed, as evidenced by a lack of mac- 

5 rpscopic phase separation to the unaided human eye. 
[0062] Curable materials of the present inventions are 
both thermosettable and melt-fusible, whether they 
comprise one component (e.g., a single polymer) or a 
combination of components (e.g '., two or more poly- 

*o mers). For example, functional ized-thermoplastic com- 
positions comprising essentially a single component (j. 
e., polymer) may be selected 1 such that they are both 
thermosettable and meltrfusible. 
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Functfonalized thermoplastic Compositions 



[0063] A wide variety of functionalized-thermoplastic 
compositions are known. Many of these compositions 
are copolymers. Such copolymers are typically formed 

20 by copo|ymerizing monomers from a first group, 
homopolymers of which are thermoplastic composi- 
tions, and monomers from a second group, homopoly- 
mers of which are thermosettable compositions. 
[0064] For example, the first group of monomers in- 

,25 eludes vinyl monomers, such as a-olefin monomers (e. 
g M ethylene, propylene, octene, etc.), (rheth)acrylate (L 
e., methacrylate or acrylate) monomers (e.g., butyt acr- 
ylate, ethyl methacrylate, acrylic acid, etc.), vinyl ester 
monomers (e.g., vinyl acetate and derivatives thereof), 

.30 vinyl alky! ethers (e.g., vinyl methyl ether, vinyl ethyl 
ether, vinyl n-butyl ether; yinyj 2-chloroethyl ettier, vinyl 
isobutyl ether, vinyl phenyl ether and vinyl 2-ethylhexyl 
ether), vinyl ethers of substituted aliphatic alcohols (e. 
g. f 1 ,4-di(ethenoxy)butane and vinyl 4-hydroxybutyl 

35 ether), N-vinyl compounds (e.g.,. N-Vinyl-N-methyl oc- 
tanesulfonamide and N-vinylpyrrolidone), and combina- 
tions thereof. A description of vinyl monomers and their 
use in preparing polymers is set forth in "Vinyl and Re- 
lated Polymers," by Schildknecht, published by John Wi- 

40 ley & Sons; Inc.,. New York (1952). 

[0065] The second group of monomers includes mpn- 
omers that are copolymerizable with the monomers of 
the first group, and include, for example, glycidyl acr- 
ylate, allyl glycidyl ether, 2-isocyanatoethyl acrylate, and 

45 combinations thereof. 

[0066] Other functionalized-thermoplastic composi- 
tions include those where a thermoplastic polymer chain 
is end-capped with moieties containing functional 
groups that are thermosettable. The moieties containing 

so thermosettable functional groups may alternatively be 
present as pendant functional groups along the main 
. polymer. chain. ■ 
[0067] U.S. Patent No. 4,356,050 describes function- 
alized-thermoplastic compounds, including epoxy-si- 

55 loxane polymers, epoxy-polyu re thanes, and epoxy-pol- 
yesters. Also see U.S. Patent Nos. 4,287,113; 
5,332,783; 5,366,846; 5,837,749; and 5,723,191 forfur- 
ther descriptions of functionalized-thermoplastic com- 
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.[ positions. \. 

[0068] Functjonalized-thermoplastic compositions 
may be prepared, for example, by functionalization of 
polymers sucH a,s, for example, acrylic acid copolymers 
that have been reacted with polyfunction^ epoxy resins 5 
to give epoxy-functional thermoplastic compositions. 

Therrnosettable Composition 

[0069] Any suitable therrnosettable composition may w 
be used, For example, (meth)acrylate, epoxy, urethane, 
cyanate (e.g., isocyanates, including blocked isocy-- 
ariates, such as isocyanate groups blocked with an ox- 
ime or a phenol following the procedures described in 
Z. W. Wicks, Jr., "Blocked Isocyanates," Progress in Qr- 'is 
ganic Coatings, vol. 3.(1975), pp. 73-99); ester (e.g., cy- 
anate ester), ether (e.g., vinyl ether), amine formalde- 
hyde condensate, phenolic, and pblyimide chemical 
compositions and mixtures thereof may provide the 
therrnosettable composition. 20 
[0070] Particularly preferred are epoxy-containing 
^therrnosettable compositions. Useful epoxy-containing 
materials are epoxy resins that have at least one oxrrane 
ring polymerizable by a ring opening reaction. Such ma- 
terials, broadly called epoxides, include both monomer- 25 
ic and polymeric epoxides and can be aliphatic, cy- 
cloaliphatic or aromatic. These materials generally 7 
have, on the average, at least two epoxy groups per mpl- \ 
ecule (preferably more than two epoxy groups per mol- 
ecule). The "average" number of epoxy groups per mol- 30 
ecule is defined as the number of epoxy groups in the 
epoxy-containing material divided by the total number 
of epoxy molecules present. The polymeric epoxides in- 
elude linear polymers having terminal epoxy groups (e. 
g., a diglycidyl ether of a polyoxyafkylene glycol), poly- 35 
mers having skeletal oxfrane units (e.g., polybutadiene 
polyepoxide), and polymers having pendent epoxy 
groups (e.g., a glycidyl methacrylate polymer or copol- 
ymer). The molecular weight of the epoxy-containing 
material may vary from about 58 to about 100,000 or 40 
more. Mixtures of various epoxy-containing materials 
can also be used. 

[0071] Particularly useful epoxy-containing materials 
include those that contain cyclohexene oxide groups 
such as the epoxycyclohexanecarboxylates, typified by 45 
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecar- 
boxylate, 3,4-epoxy-2-methylcyclohexylmethyl-3 f 4-epo- - 
xy-2-methylcyclohexanecarboxylate, and bis(3,4-epoxy- 
6-methylcyclohexylmethyl) adipate. For a more detailed 
list of useful epoxides of this nature/ reference ismade so 
to U.S. Patent No. 3,117,099! 

[0072] Further epoxy-containing materials that are 
particularly useful include glycidyl ether monomers, 
such as glycidyl ethers of pplyhydric phenols, which are 
obtainable by reacting a pplyhydric phenol with an ex- 55 
cess of a chlorohydrin, such as eprchlorohydrin (e.g., 
the diglycidyl^ ether of 2,2-bis-(2,3-apoxypropoxyphe^ 
nol)propane). Further examples of epoxides of this type 



are described in U.S. Patent No.. 3,0i8;262. Other use- 
ful glycidyl ether based epoxy-containing materials are 
described in U. S. Patent No. 5,407,978. 
[0073] There are a number of commercially available 
epoxy-containing materials that can be used. In partic- 
ular, epoxides that are readily available include the fol- 
lowing chemistries: octadecylene oxide; epichlorohy- 
drin; styrene oxide; vinylcyclohexene oxide; glycidol; 
gtycidyl methacrylate; diglycidyl ether of BISPHENOL A 
(e.g., those available under the trade designations 
EPON SU-8, EPON SU-2.5, EPON 828, EPON 1004F 
and EPON 1001 F from Shell Chemical Co. ofHouston 
TX, and DER-332 and DER-334 from Dow Chemical 
Co. of Midland, Ml);, diglycidyl ether of Bisphenol F (e 
g., ARALDITE GY281 from Ciba-Geigy Corp. of Ardsley, 
NY); vinylcyclohexene dioxide (e.g!, ERL 4206 from Un- 
ion Carbide Corp. of Danbury, CT); 3,4-epoxycyclohex- 
ylmethyl-3 f 4-epoxycyclohexene carbpxylate (e.g., ERL- 
4221 from Union Carbide Corp.); 2-(3,4-epoxycy!ohex- 
yi-5,5-spiro-3 f 4Hspoxy)cyclphexane-metadioxane (e.g., 
ERL-4234 from Union Carbide Corp;); bis(3,4-epoxycy- 
clohexyl) adipate (e.g., ERL-4299 from Union Carbide 
Corp.); dipentene dioxide (e.g., ERL^269 from Union 
Carbide Corp.); epoxidized polybutadiene (e.g., OXI- 
RON 2001 from FMC Corp. of Chicago, IL); epoxy^silane 
(e.g., beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane 
and gamma-glycidoxypropyltrimethoxysilane from Un- 
ion Carbide Corp.), flame retardant epoxy (e.g., DER- 
542, a brominated Bisphenol-type epoxy resin available 
from Dow Chemical Co.); 1,4-butanediol diglycidyf ether 
(e.g., ARALDITE RD-2 from Ciba-Geigy Corp.); hydro- 
genated Bisphenol A-epichlorohydrin-based epoxy (e 
g., EPONEX 1510 from Shell Chemical Co.); and poly- 
glycidyl ether of phenolformaldehyde novolak (e.g 
DEN-431 and DEN-438 from Dbw Chemical Co.). 
[0074] Other therrnosettable compositions useftil for 
the. curable material include, for example, urethane- 
based compositions. Such compositions are often de- 
rived from one or more polyisocyanates (e.g., diisocy- 
anates, such as 4,4'Kiiphenylmethylene diisocyanate, 
toluene diispcyanate, isophorone diisocyanate, or hex- 
amethylene diisocyanate, or derivatives thereof) 

Thermoplastic Composition 

[0075] Any suitable thermoplastic composition may 
be used. Preferably, thermoplastic compositions used 
in the curable material are provided as substantially ho- 
mogenous, single-phase materials that do not include a 
dispersed phase, such as crosslinked particles. Also, 
thermoplastic compositions selected for the curable ma- 
terial preferably display a sbftenirigvtemperature (as 
measured by a ring and ball softening test) that Is great- 
er than the service temperature of the ultimate construc- 
tion into which the curable mechanical fastener will be 
incorporated. The service temperature of the ultimate 
construction refers to the maximum temperature that the 
ultimate construction is expected to be exposed to under 
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ordinary use conditions. . - 

[0076] Suitable thermoplastic compositions include 
polyesters (e.g., polycaprolactones), thermoplastic 
elastomer block copolymers (e:g.,styrene-acrylonitrile-, 
styfene-butadien^-acrylonitrile-., styrene-butadiene- or '5 
styrene-isoprene-bas^d block copolymers), phenoxy 
resins, polyurethanes, polyketones (e.g., pdly(ether) ke- 
tone), polyolefins (e.g., polypropylene and polypropyl- 
ene-polyethylene copolymers), silicones, plasticized 
polyvinyl chloride, pplyetherimides, polycarbonates, \o 
polysulfones, pofyoxides, polyamides, and mixtures r 
thereof. 

£0077] Particularly preferred thermoplastic composi- .■ 
tons sire polyester compositions. The polyester compo- 
sitions may also include other functional groups. Other '« 
functional groups that may be present in the polyester 

composition? include, for example, -NH-,-CONH-, -NH2, 
-SH, anhydride, urethane, and oxirane groups.. 
[0078J. Particularly preferred polyesters are solid at 
room temperature. Preferred polyester compositions aJ- 20 
so have a number average molecular weight of about 
7,500 to about 200,000, more preferably from about 

10,000 to about 50,000, and most preferably, from about 
15,000 to about 30,000. 

[0079] Preferred polyester compositions are hy- 25 
droxyl-temainajted and carboxyl-terminated polyesters 
that may be amorphous or semi-crystalline, preferably '.' 
semi-crystalline, at room temperature. A polymer that is 
n sem^crystalline w displays a crystalline melting point, as 
determined by differential scanning calorimetry (DSC), 30 
preferably with a maximum melting point of about 
200°C. Crystallinity in a polymer is also observed as a 
clouding or opacifying upon cooling of a sheet that has 
been heated to.an amorphous state 1 . When the polymer 
is heated to a molten state and knife-coated onto a liner 35 
to form a sheet, it is amorphous and the sheet is ob- 
served to be clear and fairly transparent to light As the 
polymer in the sheet material cools, crystalline domains 
form and the crystallization is characterized by the 
clouding of the sheet to a translucent or opaque state. *o 
The a'egree of crystallinity may be varied in the polymers 
by fnixing-in any compatible combination of amorphous 
polymers and semi -crystal line polymers having varying 
degrees of crystallinity. The clouding of the sheet pro- 
vides a convenient nondestructive method of determin- 45 
ing that crystallization has occurred to some degree in 
the polymer. 

[0080] A wide variety of polyesters (e.g., poly(buty- 
lene terephthalate), poly(ethylehe terephthalate), poly 
(ethylene sebacate), poly(decamethylehe adipate), poly so 
(decamethylene sebacate), poiy(pivalolactbne), poly(a, , 
a-dimethy!prbprolacto^ 

tone), poly(para-hydroxybenzoate)i poly(caprolactone), - 
poly(ethylene oxyb.enzoate), and poly(6-azabicyclo 
[2.2.2]octane-5-one)) can be used, as thermoplastic 55 
compositions of the invention. 

[0081] Polyester components particularly useful in the 
invention comprise the reaction product of dicarboxylic 



acids (or their diester equivalents, including anhydrides) 
and diols. The diacids (or diester equivalents) can be 
saturated aliphatic diacids containing from about 4 to 
about, .12 carbon atoms (including branched, un- 
branched, or-cyclic materials having 5 to 6 carbon at- 
oms in a ring) and/or aromatic diacids containing from 
about 8 to about 15 carbon atoms. 
[0082] Examples of suitable aliphatic; diacids include 
succinic; glutaric; adipic; pimelic; suberic; azelaic; se- 
bacic; 1,12-dodecanedioic; 1,4-cyclohexariedicarboxy- 
Hc; 1,3-cyclopentanedicarboxylic; 2-methylsuccinic; 2- 
methylpentanedioic; 3-methylhexanediqrc acids; and 
the like. Suitable aromatic diacids include terephthalic; 
isophthalic, phthalic; 4,4'-bemopherionedicarboxylic; 
4 t 4 , -diphenylmethanedicarbpxylic; 4,4'-diphenylthioe- 
therdicarboxylic; 4,4'-diphehyiaminedicarboxylic acids; 
and the like. Preferably, the structure between the two 
carbpxyl groups in the diacids contains only carbon and 
hydrogen. More preferably, the structure. between the 
two carboxyl groups in the diacids is a phenyiene groUp. 
Blends of the foregoing diacids may also be used. 
[0083] The diols include branched, unbranched, and 
cyclic aliphatic dio|s having from about 2 to about ,t2 
carbon atoms. Examples of suitable diols include ethyl- 
ene glycol; 1,3-propyIene glycol; 1 t 2-propylene glycol; 
1,4-butanediol; 1 ,3-bUtanediol; 1 ,5-pentanediol; 2-me- 
thyl-2,4-pentanediol; 1 ,64iexanediol; cyciobatane-1 ,3- 
di(2'-ethanol); cyclohexane-1 ,4-dimethanol; 1 ,10-de- 
canedioi; 1,12-dodecanediol; and neopentyl glycol. 
Long chain diols including poly(oxyalkylene)glycols in 
which the alkylene group contains from about 2 to about 
9 carbon atoms, preferably about 2 to about 4 carbon 
atoms, may also be used. Blends of the foreigoing diols 
may also be used. 

[0084] Useful commercially available hydroxyl-termi- 
nated polyester materials include various saturated lin- 
ear, semi-crystalline copolyesters available from Cre- 
enova, Inc. of Somerset, NJ, such as those sold under 
the trade designations DYNAPOL S330, DYNAPOL 
S1401, DYNAPOL S1402, DYNAPOL S.1358, DY- 
NAPOL S1359, DYNAPOL S1 227, and DYNAPOL S . 
1229.. UsefUl saturated, Knear amorphous copolyesters ' 
available from Creanova, Inc. include those sold under 
the trade designations DYNAPOL S1 313 and DY- 
NAPOL S1430. 

[0085] Preferably, the curable material /comprises a 
blend of an epoxy-based thermosettable compbsition 
and a thermoplastic composition, most preferably a 
thermppiastic composition that is polyester-based. In 
general, this combination of components provides a 
thermosettable, melt-fusible curable material with com- 
patible, components. Examples of such blends are de- 
scribed, for example, in PCT Publication No. W096/ 
32453 to Johnson at al.\ entitled "Melt-Flowable Mate- 
rials and Method of Seeling Surface. * 
[0086] Also see U.S. Serial No. 09/070,971, filed on 
May 1, 1998, entitled M E poxy/Thermoplastic Photocur- 
able Adhesive Composition 11 and U.S. Patent Appfica- 
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tiori Serial No. 09/071,267, filed on May 1, 1998, entitled 
"Energy. Cured Sealant Composition" for a discussion 
of epdxy-ethylene vinyl acetate curable materials. 
[0087] Other useful.twp-cbmponeht curable materials 
include epoxy-(meth)acrylate combinations, such as 
those described,' for example, in Kitano et al. (U.S. Pat- 
ent Noi 5,086,088). Epoxy-(meth)acrylate combinations 
are preferably the photo polymerized reaction product of 
a composition featuring (i) a prepolymerfc (i.e., partially 
polymerized to a viscous syrup typically haying a Brook- 
field viscosity between about : 10Q\ and 10,000 
centi poise) or monomeric syrup of an acrylic or meth- 
acrylic acid ester; (ii) optionally, a reinforcing comono- 
mer; (iii) an epoxy resin; (iv) a photo initiator, and (v) a 
thermally activated curing agent for the epoxy. Suitable 
epoxy resins include those described above. Suitable 
thermally activated curing agents and photo initiators are 
well known to those of ordinary skill in the art and are 
described further below. . 

[0088] Other two-component curable materials in- 
clude epoxy resins blended with ethyl ene/a cry lie acid or 
thermoplastic elastomers, such as block copolymers of 
arenyl materials "(e.g., styr^ne) and elastomeric materi- 
als (e.g., isoprene, butadiene and thbir saturated coun- 
terparts). Other examples include combinations of 
(meth)acrylates and other thermosettable' resins, such 
as urethane resins and phenolic resins! Another class 
of useful curable materials includes blends of ethylene 
vinyl acetate arid elastomers, such as polybutadiene. 
rubber. Commercially available examples of such com-: 
positions include those sold under the trade designa- 
tions L-3034 sealant (available from L&L Products of 
Romeo, Ml) and ORBSEAL 124.5 (available from Orb- 
seal, Inc. of Excelsior Springs, MO). 
[0089] In a multi-component curable material, the bur- 
able material typically includes from about 0.01 to about 
95 parts by weight of the thermosettable composition 
and, correspondingly, from about 99.99 to about 5 parts 
by weight of the thermoplastic composition based on 
100 parts total weight of the curable material. More, pref- 
erably, the curable material includes from about 0;i to 
about 80 parts by weight of the thermosettable compo- 
sition and, correspondingly; from about 99.9 to about 20 
parts by weight of the thermoplastic composition based 
on ,100 parts total weight of the curable material. Most 
preferably, the curable material includes from about 0.5. 
to about 60 parts by weight of the thermosettable com- 
position, and, correspondingly K from about 99.5 to about 
40 parts by weight of the thermoplastic composition 
based on 100 pans total weight of the curable material. 
[0090] Increasing amounts of the thermosettable 
composition relative to the thermoplastic composition 
generally result in curable materials having higher ulti- 
mate strengths and heat resistance, but lower flexibility 
and viscosity. Increasing amounts of the thermoplastic 
composition generally result in durable materials having 
lower ultimate strengths and heat resistance/but higher 
flexibility and viscosity. Thus, the relative amounts of 



these ingredients are balanced depending on the prop- 
erties sought in the curable material and mechanical 
fasteners fabricated therefrom. 

5 : Additives 

[0091] In addition to the thermoplastic and thermoset- 
table compositions (or fuhctionalized-thermoplastic 
compositions), the curable material may contain other 

10 components^- For example,, the curable material may 
contain nucleating agents, curatives, accelerators, or 
Theological rtibdifters (e.g!, thixotropic agents).,Optional 
hydroxyl-containing compositions may also be included 
in the curable materials. Such materials are particularly 

is useful in tailoring the flexibility of the composition. 

[0092] When using semi-crystalline thermoplastic 
materials, nucleating agents may be added to adjust the 
rate of crystallization at a given temperature, and thus 
processing time of the curable material. Useful nucleat- 

20 ing agents include rnicrocrystalline waxes. Petrolite 
Corp. of St. Louis, MO, for example, sells a suitable wax 
under the trade; designation UN|LIN 700. 
[0093] ^Curing agents; may be' added to effect curing 
of the thermosettab|e or functiprialized-thermoplastic 

25 composition when necessary. The type of curing agent 
added depends upon the method of curing and chemis- 
try of the thermosettable or fundionatized-thermoplastic 
composition. For example, the curable material may be 
cured using actinic radiation, electron beam radiation, 

30 or thermal radiation. Preferably, the curable material is 
cured using actinic radiation. 

[0094] Useful actinically activated curing agents in- 
clude aromatic iodonium complex Salts, aromatic sulfo- 
;* nium complex salts, arid metallocene ssilts, and are de- 

35 scribed in, for example, U.S. Patent No. 5,089,536 (PaJ- 
azzotto). Peroxides iand oxalate esters ;can be used with 
the metajlocene salts to increase the curjs speed, as de- 
scribed in U.S. Patent No. 5;252,694 ( Wi II ett). Useful 
commercially available actinically activated curing 

40 agents include those available under the trade designa- 
tions, FX-512 (an aromatic sulfonium complex salt sold 
by Minnesota Mining; & Manufacturing Company, St. 
Paul, MN), CD-1010 (an aromatic sulfonium complex 
salt available from Sariomer Co.; Exton, PA), CD-1012 

45 (a diaryliodonium complex salt from Sartdmer Co., UVI- 
6974 (an aromatic sulfonium complex salt available 
from Union Carbide Corp. of Danbury, CT), and IRGA- 
CURE 261 (a metallocene complex salt available from 
Ciba-Geigy Corp. of Ardsley, NY).. 

50 [0095] Photosensitizers may also be included, for ex- 
ample, to enhance the efficiency of the actinically acti- 
vated curing agent and/or to adjust the wavelength of 
photo activity. Examples of photoserisitjzers Include 
pyrene, fluoroanthrelne, benzil. chrysene, p-terphenyl, 

55 acenaphthene, phenanthrene, . biphenyl and cam- 
phorquinone. 

[0096] . A variety of thermally activated curing agents 
may also be used. For example, useful thermally acti- 
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vated curing agents include arnine-, amide-, Lewis acid 
. complex-, and anhy d ride-type materials. Those that are 
preferred include dicyandiamjde, imidazoles and 
-polyamine salts. These iare available from a variety of 
sources, for example, under the trade designations OM- 5 
. ICURE (available from Acetp Corporation; New Hyde 
Park, NY), AJICURE (available from Ajinomoto Chemi- 
cal of Teaneck, NJ), and CUREZOL (available from Air 
Products Co. of Alferitown, PA). 

[0097] If used, it is preferred that the thermally acti- 10 
vated curing agent does not activate curing during fab- . 
rication of the curable mechanical, fastener. Thus, the 
thermally activated curative should be selected such 
that the curable material fessentially does not cure at a 
temperature equal to or less than those temperatures 15 
used in fabricating the curable mechanical fastener Ac- 
cordingly, preferably, the curing temperature is at least 
about 120°C, more -preferably at least about 150°C, and 
most preferably at least about 170°C. 
[0098] Accelerators may be adde'd to the curable ma- 20 
terial to more fully cure the- material at a lower temper- 
ature or to shorten cure time of the curable material 
when exposed to heat. For example, imidazoles are 
useful accelerators, examples of which include: 2i4-di- 
amino^a-methylimidazoyO-ethyl-s-triazine isocyanu- 25 
rate; 2-phenyl-4-benzyi-5-hydroxymethylimidazole; and 
Ni-imidazole-phthalate. ' 
[0099] One or more thixotropic agents may be used 
in an effective amount (i.e., an amount necessary to 
achieve the desired rheological properties of the curable 30 
material during the melt fusion stage of curing); In gen- 
eral, if used, the total amount of thixotropic agents is no 
greater than about 20% by weight, preferably no greater 
than about 10% by weight, more preferably no greater 
than about 5% by weight, and most preferably in the 35 
range of about 3-5% by weight based upon the total 
weight of the curable material. 

[01 00] Suitable thixotropic agents do not substantially 
interfere with cure, in the case of thermosetting compo- 
sitions, or .otherwise cause degradation of the composi- 40 
tion. Representative examples of thixotropic agents in- 
clude particulate fillers, beads (which may be, for exam- 
ple, of the glass, ceramic or polymeric type), bubbles 
(which may be, for example, of the glass, ceramic or pol- 
ymeric type), and chopped fibers, as well as combina- 45 
tions thereof. Suitable particulate fillers include, e.g., hy- 
drophobic and hydrophilic silica, calcium carbonate, ti- 
tania, bentonite, clays and combinations thereof Suita- 
ble fibers include polymeric fibers (e.g., aromatic polya- 
rhide, polyethylene, polyester and polyimide fibers), so 
glass fibers, graphite fibers, and ceramicfibers (e.g., bo- 
ron fibers). • 

[0101] Other materials tfiat can be incorporated into 
the curable material include, for example, stabilizers, , 
antioxidants, plasticizers, tackifiers, adhesion prpmot- 55 
ers (e.g., silanes, glycidyl methacrylate, and titanates), 
colorants, pigments, polymeric additives (e.g., polya- 
cetals, reinforcing copolymers, and polycaprolactone di- 



ols) and the like. 

[01 02] The curable material is prepared by mixing the 
various ingredients in a suitable vessel,, preferably one 
that is riot transparent to actinic radiation, at an elevated 
temperature sufficient to soften the components so that 
they can be efficiently mixed with stirring until the com- 
ponents are thoroughly melt-blended but without ther- 
mally degrading the materials. This components may be 
- added simultaneously or sequentially, although it is pre- 
ferred to first blend the thermosettable composition and 
the thermoplastic composition followed by the addition 
of additives/such as a curingiagent. " 
[0103] The curaible materiarmay .be formed into fasr 
tening surfaces by any suitable method. For example, 
the curable material may be melt-blown, molded (e.g., 
injection-mo(ded), extruded, or microreplicated into the 
desired shapes to provide fastening surfaces of curable 
mechanical fasteners of the invention. Any suitable 
method or variation of those mentioned above can be 
used. , The method of fabricating the fastening surface 
may depend on the desired surface topography of the 
fastening surface. 

[0104] When the curable mechanical fastener is 
formed by molding, it may be preferred to utilize a rnold 
that is at least partially Water-soluble for ease of rernoval 
after the curable mechanical fastener is formed. Water- 
soluble molds are known to those of ordinary skill in the 
art and include those described in, for example, PCT 
Publication No. WO95/07,170 and U.S. Patent No. 
5,242,646 to Torigoe et al. 

[0105] Depending on the number of fastening ele- 
ments comprising a respective surface, a backing may 
not be necessary. Preferably, however, at least one of 
the fastening surfaces comprises a plurality of fastening 
elements coupled to a backing. 

Backing ~ 

[01 06] Any suitable backing can be used. The backing 
is typically selected such that li provides the necessary 
strength and flexibility for the desired application. Pref- 
erably the backing has a sufficient strength to resist be- 
ing significantly destroyed when unfastening trie recus- 
able curable mechanical fastener prior to curing: 

The type of backing selected may depend on the 
topography of the fastening surface. For example, 
when molded mushroom-type fasteners are used, 
the backing may be fabricated from a thermoplastic 
resin. 

Usually, for a good combination of flexibility and 
strength; preferred backings having a thickness of 
from about 50 micrometers to about 1 millimeter 
thick, more preferably from about 130 micrometers 
to about 0.5 millimeter thick. 
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Attachment of Curable Mechanical Fastener to 
Substrate 



[0107] the fastening surface or backing, if present, is 
typically attached to a substrate to be fastened, the fas- 
. tening surface, or backing may be attached to the sub- 
strate using any suitable attachment means, For exam- 
ple, the fastening surface or backing may be mechani- 
cally attached to a substrate, either permanently <such 
as by using a curable mechanical fastener of the present 
invention) or reclosably. Alternatively, the fastening sur- 
face or backing may be chemically attached to a sub- 
strate.. 

[0108], When permanently attaching the fastening 
surface or backing to a substrate, it may be, forexample, 
bolted, heat-sealed (e.g., by dielectric heat sealing), riv- 
eted, sewn, stapled, welded (e.g.,' ultrasohically weld- 
ed), or otherwise permanently attached to the substrate. 
[01 09] When chemically attaching the fastening sur- 
face or backing to a substrate, it may be, for example, 
coated with an adhesive and then adhered to the sub- 
strate. Another example of a ,. chemical attachment 
means is by heat or solvent activation. - . 

[0110] Any suitable adhesive may be used. Included 
in the multitude of suitable adhesives are pressure-sen- 
sitive-adhesives and structural adhesives. Preferably, 
when an adhesive is employed, the adhesive bond has 
a greater strength than the strength of the resultant per- 
manent fastener bond. One specific adhesive that may 
provide structural bonding to a wide variety of surfaces 
is sold under the trade designation VHB tape and is 
available from Minnesota Mining & Manufacturing Co. 
of St. Paul, MN. Another adhesive that may be used is 
3M STRUCTURAL BONDING TAPE 9245 available 
from available from Minnesota Mining and Manufactur- 
ing Company of St. Paul, MN. 

Substrate 

[0111] The substrate can be any type of material or 
object, the exact nature of which depends oh the appli- 
cation. Surfaces to be fastened may be. fabricated from 
the same material or they may be fabricated from differ- 
ent materials. For example, a fastening surface com- 
prising a plurality of hooks fabricated from a thermoplas- 
tic resin is capable of reclosably attaching to a comple- 
mentary fastening surface comprising a plurality of 
loops and fabricated from a wide variety of materials. 
;For example, fibrous materials/such as burlap, terry 
cloth, and tricot may be mechanically fastened with a 
mechanical fastener consisting of fastening surface 
comprising a plurality of hooks. 



Curing " 

[0112] The curable mechanical fastener can be cured 
to provide a permanent 5 fastener, when desired. For 
example, the curable mechanical fastener may be re- 



peatably attached and unattached to find the. best at- 
tachment position, and then cured to provide a perma- 
nent attachment Cure conditions are dependent on the 
chemistry employed and are known to those of skill jn 
. 5 the art. Any suitable curing method can be used. For 
example, thermal or actinic radiation may be used to 
cure the curable material. 

[0113] Advantageously, the cured mechanical fasten- 
er has both structural integrity (LeV; preferably, the initial 

10 surface topography is essentially present on fastening 
surfaces of the present invention after curing) and a per- 
. manent melt-fused bond: In certain embodiments, the 
melt-fused bond provides a fastener having semi-struc- 
tural or structural strength. 

15 ..[0114] The curable mechanical fasteners described 
herein are exemplified in the following examples. These 
examples are merely for illustrative purposes only and 
are not meant to be limiting on the scope of the append- 
ed claims. All parts, percentages, ratios, etc. in the ex- 

20 amples and the rest of the specification are by weight 
unless indicated otherwise. 

Examples 

25 Example 1 

[01 151 This example demonstrates the preparation of 
a durable thermoplastic composition suitable for fabri- 
cating into a curable mechanical fastener. 

30 [0116] Pellets were, formed by blending 70 parts by 
weight of a hydroxy Afunctional, semi-crystalline polyes- 
ter (containing 50 weight %,.butanedioi, 23 weight % 
terephthalic acid, and 27 weight % sebacic acid, with a 
melting point of i 1 6?C, a glass transition temperature of 

35 -40°C, and a melt flow rate at 160°C of 250 grams/10 
minutes, obtained as DYNAPOL X1 158 from Creanova, 
Inc.; Somerset, NJ), 28 parts by weight of a BISPHE- 
NOL A end-capped aliphatic epoxy resin, as described 
in Example 1 of U.S. Patent No. 5,407,978 (Bymark et 

40 . al.), 1 part by weight UNILIN 700 microcrystalline wax 
(obtainable from Petrolite Corp. of St. Louis, MO), and 
1 part by weight Cp(Xylenes)Fe+SbF Q - catalyst powder 
(Cp - cyclopentadiene; also described as: (eta 6 -xy- 
lenes)(eta 5 -cyclopentadienyj)irpn (1 +) hexafluoroanti- 

*5 mbnate, as disclosed [n IKS. Patent No. 5,089,536 (Pal- 
azzotto)) in a WERNER & PFLIEDERER six zone 
53-miliimefer twin-screw extruder (available from Wern- 
er & Pfiiederer; Ramsey, New Jersey) operating at a 
. screw speed of 85 rprri. Zones 1 and 2 were unheated 

so and the remaining zones were heated to 88°C. The ex- 
trudate produced therefrom wa$ cooled in a three meter 
water bath at 10°C, then dried at ambient temperature 
using forced air, after which it was pelletized. 



55 Example 2 

[01 17] Pellets were dried overnight at 49°C in a con- 
vection oven. After drying, the pellets were injection- 
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molded into mechanical fasteners 656 having fastening 
surfaces 658 as shown in Figure 6A, with a top view of 
the fastening surface 658 shown in Figure 6B, using a 
multi-part mold that was at least partially water-soluble, 
similar to those molds described in U:S. Patent No. 5 
5,242,646 (Torigoe et al.). The mold was dissolved from 
the curable mechanical fastener 656 by placing the as- 
sembly in a water bath for three days at room tempera- 
ture, then drying for several hours at 49°C in a convec- 
tion oven. / 10 

[0118] After molding, the curable mechanical fasten- 
ers 656 were stored in a, black (lightproof) plastic bag 
until used, unless otherwise noted. The curable me- 
; chanical fasteners 65g included a flange 660 coupled to 
the backside of a backing 662 from, which a plurality of is 
fastening elements 664 protruded. Each of the fastening 
efements comprised a stem 666 having a mushroom- 
shaped head 668. The flange 660 included side clips . 
670 for forming a mechanical bond to a substrate. 

Example 3 



20 



[0119] This example describes curing conditions for 
curable mechanical fastener 656 constructions used in 
Examples 4-8. The curable mechanical fastener 656 25 
construction was. exposed to a super diazo blue light 
(using a Black Ray Lamp Model No. XX-15L, from UVP 
Inc.; San Gabriel, CA, equipped with two super diazo 
bull?s, Model TLD15W/03 from Philips B.V., The Neth- 
erlands) at a distance of 15 centimeters for the time in- 30 
dicated.. IfB-staged, the construction was then placed in 
a convection oven heated to about 71°C for about 10 to 
15 hours. . - 

[0120] After exposure to the super diazo blue light, the . 
sample was placed in a convection oven heated to about 35 
177°C for 30 minutes at an inclined angle of 45° from 
horizontal, unless otherwise specified. 

Example 4 



40 



[0121] A curable mechanical fastener 656, prepared 
as in Example 2, was attached to an e-coated panel 
(available under the trade designation, ED 5100 from 
Advanced Coating Technologies, Inc.; Hillsdale, Michi- 
; gan) having a 0,8-centimeter hole by pushing the flexi- 45 
ble flange 660 of the curable mechanical fastener 656 
through the hole in the e-coated panel. Once inserted 
through the hole, the side clips 670 of the flexible flange 
660 expanded to lock the curable mechanical fastener 
656 in place with a mechanical bond. ,50 
[0122] The mushroom-stem fastening surface of a 
second curable mechanical fastener (having the same 
shape and composition as the first curable mechanical - 
fastener) was mated to the mushroom-stem fastening 
surface 658 of the first curable mechanical fastener 656 55 
and readily removed (and reattached) by hand with only 
slight apparent damage: Upon curing (using 10 minutes 
exposure to the light source described in Exampfe 3 and 



no B-staging), the two curable mechanical fasteners 
melt-fused to the e-coated panel and to each other to 
form a permanent fastener. The permanent fastener 
could not be separated by hand. 

Example 5 

[0123] The flexible flange 670, as shown in Figure 6A, 
was removed from a curable mechanical fastener pre- 
pared as in Example 2, resulting in a planar face on the 
backside of the backing 662. Adhesive tape (available 
under the trade designation, 3M STRUCTURAL BOND- 
ING TAPE 9245 from Minnesota Mining & Manufactur- 
ing Company of St Paul, MN) was laminated to the pla- 
nar face of the backing 662. 

[01 24] The assembly was adhered to a 2.5 centimeter 
x 10 centimeter etched aluminum panel (obtained from 
Hiawatha Panel & Name Plate Co., Inc.; Minneapolis, 
MN), such that the adhesive tape layer was adjacent to 
and in contact with the aluminum panel. 
[0125] The mushroom-stem fastening surface of a 
second curable mechanical fastener' (having the same 
shape and composition as those prepared in Example 
2) was mated to the mushroom-stem fastening surface 
of the first curable mechanical fastener. The second cur. 
able mechanical fastener was readily removable from 
the first curable mechanical fastener and reattachable 
by hand with only slight apparent damage. 
[0126] The assembly Was then cured by exposure to 
the light source described in Example 3 (for one hour 
on each exposed side) and further cured in the convec- 
tion oven at a 60° angle from horizontal. After curing 
the adhesive tape layer was firmly bonded to the alumi- 
num. The matecj mechanical fasteners, now a perma- 
nent mechanical fastener, slid approx. 0.6 centimeters 
along the adhesive tape layer and fused. The perma- 
nent fastener could not be separated by hand. 

Example 6 . 

[0127] The flexible flange 660 was removed from a 
curable mechanical fastener 656 prepared as in Exam- 
pie 2, resulting in a planar face on the backside of the 
backing 662. Adhesive tape, available under the trade 
designation 3M STRUCTURAL BONDING TA^E 9245 
(available from Minnesota Mining & Manufacturing Co • 
St. Paul, MN) was laminated to the now planar face The 
assembly was adhered to a 2.5 centimeter x 10 centim- 
eter etched aluminum panel such that the adhesive tape 
tayer was adjacent to and in contact with the'aluminum 
panel: 

[0128] A mushroom-stem conventional mechanical 
fastener (obtained under the trade designation, DUAL 
LOCK, from Minnesota Mining & Manufacturing Com- 
pany; St. Paul, MN) was mated to the mushroom-stem 
fastening surface of the. curable mechanical fastener 
The conventional mechanical fastener was readily re- 
movable from the curable mechanical fastener and reat- 
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. tachable by hand with only slight apparent damage. : 
[01 29] The assembly was then cured as described in 
Example 3 (with exposure to the super diazo lights for 
one hour on each exposed side): After curing the adhe- 
sive tape layer was firmly bonded to the aluminum pan- 5 
el. The curable mechanical fastener, how cured to form 
a permanent mechanical fastener, melted slightly, but 
retained its basic shape. The conventional mechanical 
fastener completely melted and lost its shape during • 
cure,.., . ' • ... 1Q 

Example 7 

[01 30] The flexible flange 660 was removed from a 
curable mechanical fastener 656 prepared as in Exam- 1 s 
pie 2, resulting in a planar face on the backside of the 
backing 662. Adhesive tape, available under the trade 
designation 3M STRUCTURAL BONDING TAPE 9245 
• (available from Minnesota Mining and Manufacturing 
Co.; St. Paul, MN) was laminated to the now planar face. 20 
The assembly was adhered to a 2.5 cm x 10 cm etched 
aluminum panel such that the adhesive tape layer was * 
/adjacent to and in contact with the aluminum panels 
[0131] Loop tape (obtained as the loop portion of 
SCOTCH brand HOOK AND LOOP tape, available from 25 
Minnesota Mining & Manufacturing Company of St 
Paul, MN, having loops of fiber protruding from a back- 
ing layer).was mated to the fastening surface 658 of the 
curable mechanical fastener 656. The loop tape was 
- readily removable from the curable mechanical fastener so 
and reattachable by hand with only slight apparent dam- 
age. % 

[01 32] The assembly was then cured as described in 
Example 3 (with exposure to the super diazo lights for 
one hour on each exposed side). No movement of the 35 
mechanical fastener was observed during cure. After 
curing, the adhesive tape layer was firmly bonded to the 
aluminum panel. The now cured mechani car fastener 
was permanently attached to the loop tape (i.e., it could 
not be readily removed without tearing the loop tape or 46 
destroying the mechanical fastener). . 

Example 8 



. one hour on each exposed, side). No movement of the 
mechanical fastener was observed during cure. After 
curing, each adhesive tape tayer was firmly bonded tb 
its respective metal substrate and the complete bonded 
assembly could not be separated by hand. 

Example 9 . 

[0136]. Two aluminum rods (2:5 : ceriti meters diameter 
X 5. 1 -centimeter length) were FPL acid-etched (such as 
can be done using FPL aci<j available from Forest Prod- 
ucts Laboratories; Madison, Wl) with the etch consisting 
of immersion in a sulfuric acid/chromic acid bath 'fol- 
lowed by a water rinse* and drying) similar to that, meth- 
od described in U.S. Patent No. 5,677,376. Onto one 
end of each rqd was attached a curable mechanical fas- 
tener as prepared in Example 2 (with the flexible flange 
removed). 

[0137] Adhesive tape, as described in Example 8, 
was laminated onto the backside of the curable mechan- 
ical fastener such that the adhesive tape layer was in 
contact with the aluminum rod. The curable mechanical 
fastener was exposed to the super diazo blue lights de- 
scribed in Example 3 for 30 minutes per side with no 
post bake.. 

[01 38] The rods were mated via the curable mechan- 
ical fastener and placed in a tensile testing apparatus . 
and separated at a rate of 5.1 centimeters per minute. 
The force required to separate the two curable mechan- 
ical fasteners was approximately 1 kilogram +/- 0.1 kil- 
ogram. The assembly was then placed in an oven and 
cured at 177°C for 30 minutes to' provide a permanent 
fastener. The separation force was again measured. 
The force required two separate the assembly was 46 
kilograms. The failure mode was cohesive. 
[01 39] Many other variations of "the above-described 
invention would be apparent.to those of ordinary skill in 
the art and are hot described herein. This is not meant, 
however, to be limiting oh the scope of the appended 
claims. 



Claims 



[0133] Example 7 was repeated, except that the '45 1 
standard adhesive on backside of the loop tape was re- 
moved using solvent and it was replaced with an adhe- 
sive tape (3M STRUCTURAL BONDING TAPE 9245, 
available from Minnesota Mining & Manufacturing Co.; 
St. Paul, MN). A-i, 5-gram steel disk was laminated to so 
the adhesive tape attached to the loop material. 
[0134] The laminated loop material was mated to the 
fastening surface of the curable mechanical fastener. 
The laminated loop material was readily removable from 
the curable mechanical fastener and reattachable by 55 
hand with only slight apparent damage! 

[0135] The assembly was then cured as described in 2. 
Example 3 (with exposure to the super diazo lights, for 



A curable mechanical fastener comprising: 

. a fastening surface comprising a curable mate- 
' "rial, v 

wherein the fastening surface is capable of being 
repeatedly attached and unattached to a comple- 
mentary fastening surface, and. when attached to 
the complementary fastening surface and cured, is 
capable Of becoming permanently attached to the 
complementary fastening surface. 

The curable mechanical fastener of claim 1 , where- 
in the curable material comprises a combination of 
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at least one therrnosettable composition and at 
least one thermoplastic composition. 

3. The curable mechanical fastener of claim 2, where- 
in the thermos ettable . composition' comprises at 5 
least one therrnosettable, material selected from 
thegroup consisting of (meth)acrylates, urethanes, 
ethers, epbxies, cyanates, esters, phenolics, poly- 
imides, amine formaldehyde condensates, and mix- 
tures thereof 10 

4. The curable mechanicaj fastener of claim 2,' where- 
. in the thermoplastic composition comprises at least 

one thermoplastic material selected from the group 
... consisting, of polyesters, polyolefins, pcllyamides, 15 
polyethers, polyurethanes, plasticized polyvinyl 
chloride, thermoplastic elastomer block copoly- 
mers, phenpxy resin?, pbjyketones, silicones, poiy- 
etherimides, polycarbonates, pblysulfones, pblyox- 
ides, and. mixtures thereof. 20 

5. The curable mechanical fastener of claim 1 , whereV 
in the fasten ing surface comprises a plurality of fas- 
tening elements coupled to a backing. 

: ■•*.'-■ . ■'.-'."■.'"■*"■ 2 5 

6. The curable mechanical fastener of claim' 1 , further 
comprising a complementary fastening surface, 
wherein the fastening surface comprises protruding . 
fastening elements and the complementary fasten- 
ing, surface comprises recessed structures. 30 

7. A cured mechanical fastener obtained by curing the 
curable mechanical fastener according to claim 1, 

8. The cured mechanical fastener according to claim; 35 
7, wherein the cured mechanical fastener has an 
overlap shear strength of at least about 7 MPa. 

9. A method of forming a permanent fastener, compris- 
ing the steps of providing a curable mechahical fas- 40 
tener according to claim 1 ; 

■•' attaching the fastening surface to the comple- . 
mentary fastening surface; and . 

curing the mechanical fastener to provide a 
permanent fastener. - 45 

■ ' ' ' v - • 

10. A multi-part curable.mechanical fastener, compris-: 
ing: s - f 



a first part comprising a fastening surface; 
a second part comprising a complementary fas- 
tening surface that complements the fastening 
surface; 



tached to the complementary fastening surface, the 
multi-part curable mechanical, fastener is capable 
of being cured to provide a permanent fastener. 



PatentansprGche 

1. Hartbarer mechanischer Verschjuss, umfassend: 

eine Verschlussoberftache, die ein hartbares 
Material umfasst, wobei die Verschlussoberfla- 
che mehrmals an einier komplemeritaren Ver- 
schlussoberflache befestigt und von dieser enf- 
ferht werden kann und, wen n si e an der kbm- 
plementaren Versch lussoberfl ache befestigt ist 
und gehartet wird, dauerhaft ah der komple- 
mehtaren Verschlussoberflache befestigt wer- 
den kann! 

2. Hartbarer mechanischer Verschluss nach An- 
spruch 1, wobei das hartbare Material eine Kbmbi- 
nation aus wenigstens einer warmehartbaren Zu- 
sammehsetzung und wenigstens einer thermopla- 
stischen Zusammensetzung umfasst, 

3. Hartbarer mechanischer Verschluss nach An- 
spruch 2, wobei die warmehartbare Zusammenset- 
zung wenigstens ein aus (Meth)acrylaten, Uretha- 
nen, Ethem, Epoxidharzen, Cyanaten, Estem, Phe- 
nolderivaten, Polyimiden, Aminformaldehydkon- 
densaten und Mischungen davon ausgewahltes 
warmehartbares Material umfasst. 

4. Hartbarer mechanischer Verschluss nach An- 
spruch 2, wobei die thermoplastische Zusammen- 
setzung wenigstens ein aus Polyestem, Polyolefi- 
nen, Polyamiden, Pblyethern, Polyurethanen, pla- 
stifiziertem Polyvinylchlorid, thermoplastischen ela- 
stomeren Block-Copolymeren, Phenoxyharzen, 
Polyketonen, Silikonen, Polyertherimiden, Polycar- 
bonates Polysulfonen, Polyoxiden und Mischun- 

, gen davdn ausgewMhltes thermoplastisches Mate- 
rial umfasst. 

5. Hartbarer mechanischer Verschluss nach An- 
spruch 1 , wobei die Verschlussoberflache eine Viel- 
zahl von Verschlusseiementen umfasst, die mit ei- 
hem Trgger verbunden sind. 



50 6. 



wherein at least one of the fastening surface and 55 
the complementary fastening surface is at'least par- 
tially fabricated from a curable material, such that 7. 
when the fastening surface is mechanically at- 



Hartbarer mechanischer Verschluss nach An- 
spruch 1, weiterhin umfassend eine komplementa- 
re Verschlussoberflache, wobei die Verschlus- 
soberflache hervorstehende Verschlusselemente 
und die komplementare Verschlussoberflache ein- 
gelassene Strukturen umfasst. 

Geharteter mechanischer Verschluss, erhalten 
durch Aushartung des hartbaren mechanischen 
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Verschlusses nach Anspruch 1. 

Geharteter mechanischer Verschluss nach Arir 
spruch 7, wobei der gehartete mechanische Ver- 
schluss eine Gberiappungs-Scherfestigkeit von we- 
nigstens ungefahr 7 MPa aufweist. 

Verfahren zur Bildurig eines dauerhaften Ver-. 
schlusses, umfassend die Schritfe: 

■ der Bereitstellung eines hartbaren mechani- 
schen Verschlusses nach Anspruch 1; 

* der Befestigung der Verschlussoberflache an 
der kdmplementaren Verschlussoberflache. 
und . 

der Aushartung des mechanischeh" Verschlus- 
ses, um einen ; dauerhaften Verschluss bereit- 
zustellen. 



10. Mehrteiliger, hSrtbarer mechanischer Verschluss, 20 
umfassend: . ' 



ein erstes Teil, das eine Verschlussoberflache 
umfasst; 

ein zweites Tail, das eine komplemeritare Ver- 
schlussoberflache umfasst, welche die Ver- 
schlussoberflache erganzt; 
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wobei wenigstens eine aus der Verschlussoberfla- 
che und der komplementaren Verschlussoberfla- 
che wenigstens teilweise aus einem hartbaren Ma- 
terial hergestellt ist, so dass der mehrteilige, hart- 
bare mechanische Verschluss, wenn die Verschlus- 
soberflache mechanisch ah der komplementaren 
Verschlussoberflache befestigt wird, gehartet wer- 
den kann, um einen dauerhaften Verschluss bereit- 
zustellen. : 



Revendications 

1 . Fermeture mecanjque durcissable comprenant 

une surface de fermeture comprenant un ma- 
teriau durcissable, 

dans laquelle la surface de fermeture est capable 
d'etre a maintes reprises fixee £ une surface de fer- 
meture complementaire et detachSe de ladite sur- 
face complementaire, et quand elle est fixee a la 
surface.de fermeture complementaire et durcie, est 
capable de tievenir fixee a titre permanent a la sur- 
face de fermeture complementaire. 
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2. 



Fermeture m£canique durcissable selon la reyen- :55 
dication 1, dans laquelle le materiau durcissable 
comprend une combinaison d'au moins une com- 1 0. 
position thermodurcissable et d'au moins une com- 



position thermoplastique. 

J. Fermeture mecanique durcissabie selon la reven- 
djcation 2, dans laquelle la composition thermodur- 
cissable comprend au moins un materiau thermo- 
durcissable selectionne dans le groupe constitue 
des methaprylates, des urethanes; des others, des 
' epoxydes, des cyanates, des esters, des composes 
phenoliques, des polyirriides, des prod uits de cori- 
densation d^mine-formaid^hyde/et de melanges 
deceux-ci. ;: ' 

. Fermeture mecanique durcissable selon la reven- 
dication 2, dans laquelle la composition thermo- 
plastique comprend aumdihs un materiau thermo- 
plastique selectiortne dans le groupe cpristitue des 
polyesters, des polyolefines, des polyamides, des 
polyethers, des polyurethanes, du chlorure de po- 
lyviriyle plastiffe, des copolymeres.en masse elas- 
tbmdres thermoplastiques, des rdsines phenoxy- 
des, des polyc6tones, des silicone^ des pbtyethd- 
rimides, des polycarbonates, des pblysuifones, des 
polyoxydes, et de melanges de ceux-cr. 

Fermeture mecanique durcissable selon la reven- 
dication 1, dans laquelle la surface de fermeture 
comprend une pluralite d'elemehts de fermeture 
couples & un support. 

Fermeture mecanique durcissable selon la reven- 
dication 1 , comprenant en outre une surface de fer- 
meture complementaire,; dans laquelle la surface 
de fermeture comprend des 6l£ments de fermeture 
saillants et la surface defermeture complementaire 
comprend des structures rentrantes: 

Fermeture mecanique durcie bbtenue par durcisse- 
ment de la fermeture mecanique ^urcissabte selon 
la revindication 1. 

Fermeture mecanique durcie selon la revendication 
7, dans laquelle la fermeture m6canique durcie a 
une resistance au cisaillement du joint a recouvre- 
ment d'environ 7 MPa au moins ' 

Methode de formage d'une fermeture permanente 
comprenant les etapes qui consistent d : 

fournir une fermeture mecanique durcissable 
selon la revendication 1 ; 
fixer la surface de fermeture a la surface de fer- 
meture complementaire ; 

: et 

durcir la fermeture m6cahique pour fournir une 
fermeture permanente. 

Fermeture mecanique durcissable a plusieurs par- 
ties, comprenant: 
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une premiere partie. comprenant une surface 
' de fermeture ; 
une deuxiSme partie comprenant une surface 
de fermeture complementaire qui complete la 
surface de fermeture ; . 

dans faquelle Tune.au moins de la surface de fer- 
^meture et de la surface de fermeture cpmplemen- 
'} taire est fabriquee au moins en partie dans urvma- 
teriau durcissable, de sorts que quand la surfade 
de fermeture est fixee mecaniquement a la surface 
de fermeture complementaire, la fermeture meca- 
nique durcissable £ plusieurs parties soit capable 
d'etre durcie pour.foumir une fermeture permanen- 
te. 
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